Purpose: Many substances in saliva or oral health care products interact with each other. The aim of this study was to investigate interactions between hyaluronic acid (HA), lysozyme, peroxidase, and glucose oxidase (GO) in enzymatic activities at low pH levels.
Lysozyme and peroxidase are the most common antimicrobial host proteins incorporated in oral health care products. 7) Hen egg-white lysozyme (HEWL) and bovine lactoperoxidase (bLPO) are commonly used as lysozyme and peroxidase sources, respectively. The muramidase activity of lysozyme is well known and lysozyme also provides antimicrobial activity through its cationic property and structurerelated mechanisms. [8] [9] [10] Peroxidase is usually incorporated as the glucose oxidase-mediated bLPO (GO-bLPO) system, which comprises bLPO, glucose oxidase (GO), and thiocya- and its viscoelastic physical properties, 1) HA has been suggested as a candidate substance for saliva substitutes for patients with dry mouth, and it displays similar viscosity to human saliva at certain concentrations. 2) HA has lubricating, wound repair, and fungistatic activities. [3] [4] [5] A inverse relationship between concentration of salivary HA and dry mouth symptoms has been reported. 6) lysozyme activity. 24 It is well known that antimicrobial proteins interact with each other and the results could be enhancing or inhibitory effects on microorganisms. [12] [13] [14] The previous studies related to lysozyme and peroxidase include between lysozyme and lactoferrin, 15) lysozyme and histatins, 16) lysozyme and the peroxidase system, 17, 18) lysozyme and the GO-bLPO system, 19) peroxidase and secretory immunoglobulin A, 20) and peroxidase and lactoferrin. 21, 22) Antimicrobials could also interact with candidate substances of artificial saliva such as HA. 2, 5, 19) The results could also be enhancing or inhibitory 2. Influence of HA, Peroxidase, and GO on the Enzymatic
Activity of Lysozyme
To determine the effects of HA, peroxidase, and GO on lysozyme activity, 250 μL of HA, bLPO, or GO in SSB was incubated with 250 μL of HEWL for 10 min at room temperature (RT). The turbidimetric method was used to measure statistically significant at pH 5 (p<0.05) and pH 6 (p<0.05).
The percentage of enhancement was 3.9±7.4%, 4.6±4.4%, and 5.4±4.9% at pH 4, 5, and 6, respectively. GO did not affect the enzymatic activity of HEWL at pH 4, 5, and 6 (Table   1 ).
Influence of HA and HEWL on the Enzymatic Activity of Peroxidase
The enzymatic activity of bLPO was decreased by increase of pH from 4 to 6. The enzymatic activity of bLPO was not affected by HA and HEWL at pH 4, 5, and 6 ( Table 2 ).
Influence of HA and Lysozyme on the Enzymatic Activity of GO
The enzymatic activity of GO was increased by increase performed 6 times.
Statistics
The Wilcoxon signed rank test was used to analyze differences between variables. p-values less than 0.05 were considered statistically significant.
RESULTS
1. Influence of HA, Peroxidase, and GO on the Enzymatic
Activity of Lysozyme
The enzymatic activity of HEWL was increased by increase of pH from 4 to 6. The enzymatic activity of HEWL was not affected by HA at pH 4, 5, and 6. bLPO enhanced the enzymatic activity of HEWL, and its effects were of glucose in a concentration-dependent manner. HA and HEWL did not affect the enzymatic activity of the GO at pH 4, 5, and 6 (Table 3) .
DISCUSSION
There are many antimicrobial host proteins in saliva and they play significant roles in protecting the oral cavity from noxious agents. Caries, periodontal diseases, mucosal lesions, and even halitosis are regarded to be associated with the impairment of these antimicrobial molecules. The lack of antimicrobial components often results from hyposalivation. Therefore, individuals with dry mouth usually need some commercialized oral health care products compensating for the decreased antimicrobial functions. 7) In this case, interactions between antimicrobial host proteins and oral health care products may occur. These interactions have been investigated in previous studies, which proved additive, synergistic or inhibitory effects on target systems. [12] [13] [14] Most previous studies were implemented under neutral or close to neutral pH condition, but actual environment of the oral cavity could represents lower pH state in the case of hyposalivation or following intake of foodstuffs.
26)
The increase of geriatric population and the frequent use of medications due to chronic illnesses lead to higher prevalence of individuals with dry mouth. 27) For this reason, it is worthwhile to evaluate the interactions between antimicrobial components at low pH values.
HA and GO did not affect the enzymatic activity of HEWL under low pH, while bLPO increased the one in the present study. The results of the previous studies about the influence of HA on lysozyme activity were not the same. One study reported that HA did not affect the enzymatic activity of HEWL at pH 7.
2) Another study suggested that enzymatic activity of lysozyme was inhibited by HA at acidic pH. 28) These mean that the interaction between HA and lysozyme would be affected by experimental conditions such as ionic strength and pH, in which HA may modify lysozyme activity through the formation of complexes with lysozyme molecule. 28) On the contrary, bLPO was proved to enhance the enzymatic activity of lysozyme even at low pH, because ionic interaction between two enzymes with cationic nature is dominant. 17) GO alone is not supposed to affect enzymatic activity of HEWL, but depend on the activity of bLPO, which supports the evidence that GO-bLPO enhanced the enzymatic activity of HEWL. 19) On the other hand, neither HA nor HEWL had an effect on the enzymatic activity of bLPO in the present study.
Although concentrated HA contain viscoelastic properties and could inhibit the enzymatic properties of bLPO by diffusion-controlled limit, 5, 19) the specific interaction between HA and bLPO might disaggregate HA and attenuate the inhibitory effect of HA. 29, 30) Apart from the result of this study, lysozyme and the salivary peroxidase system had a synergistic effects in inhibition of glucose metabolism by
Streptococcus mutans.
18)
The enzymatic activity of GO-mediated peroxidase was not inhibited by HA as well as HEWL at low pH in the present study. The previous study suggested that HA inhibited the enzymatic activity of GO-mediated peroxidase, but it did not affect that of bLPO at pH 7. 2, 19) This suggests that HA might compromise the capacity of GO-mediated peroxidase by inhibiting the enzymatic activity of GO. However, the results were different at lower pH values. On the contrary, there were no evidence that HEWL enhance or inhibit the enzymatic activity of GO, 19) which means ionic interaction between HEWL and GO might be negligible.
There were some limitations to extrapolate these results into those of in vivo system. Specific interactions between several antimicrobial components were too simplified to assess the real interactions in the oral cavity, because there are diverse innate molecules and multivariate factors which could influence on the real in vivo system. In spite of these limitations, the search for the interactions between antimicrobial host proteins in low pH must have extended our knowledge for the evaluation and treatments of symptoms from dry mouth and related diseases.
In conclusion, there were no significant enhancing or inhibitory effects among HA, lysozyme, peroxidase, and GO at low pH values except that bLPO enhanced the enzymatic activity of HEWL.
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